Introduction
HE liquid sheet radiator (LSR) is an external flow radiator that uses a triangular-shaped flowing liquid sheet as the radiating surface. It has potentially much lower mass than solid wall radiators such as pumped loop and heat pipe radiators, along with being nearly immune to micrometeoroid penetration. The LSR has an added advantage of simplicity. Surface tension causes a thin (100-300-/xm) liquid sheet to coalesce to a point, causing the sheet flow to have a triangular shape. Such a triangular sheet is desirable since it allows for simple collection of the flow at a single point. A major problem for all external flow radiators is the requirement that the working fluid be of very low (-10 -s torr) vapor pressure to keep evaporative losses low. As a result, working fluids are limited to certain oils (such as used in diffusion pumps) for low temperatures (300-400 K) and liquid metals for higher temperatures.
Previous research on the LSR has been directed at understanding the fluid mechanics of thin sheet flows 1_ and assessing the stability of such flows, especially with regard to the formation of holes in the sheet. 3 Taylor 4-6 studied extensively the stability of thin liquid sheets both theoretically and experimentally.
He showed that thin sheets in a vacuum are stable. The following expression is given for the spectral emittance e, of an infinite sheet, 1
where ta is the spectral transmittance, a, is the extinction coefficient, r is the thickness of the sheet, and E3(x) is the exponential integral of order three. In obtaining Eq. (1) reflection at the vacuum, sheet interface has been neglected. Including all reflection results in a more complex expression for the emittance.
7 The major correction to Eq. (1) is that it should be multiplied by (1 -R), where R is the reflectance at the vacuum-sheet interface.
Using an index of refraction, n = 1.58, 8 results in a normal reflectance ofR = (n -1)2/(n + 1) 2 = 0.05.
Therefore, to first order, the inclusion of reflectance results in a less than 10% correction to Eq. (1). The total hemispherical emittance is defined as followsg:
where cab is the blackbody hemispherical spectral emissive power, T is the temperature, A is the wavelength, and o% is the Stefan-Boltzmann constant (5.67 × 10 .8 W/m 2 K4). From the measured spectral transmission of the oil t,, the extinction coefficient ota is calculated as given in Ref. 10. The total emittance e is then calculated for any thickness z, and any temperature T, using Eqs. (1) and (2). Transmittance data were taken for a sample of the Dow Coming 705 silicone oil with a Fourier transform infrared (FTIR) spectrophotometer. From this transmittance data, the extinction coefficient was determined, 1°and the extinction coefficient is plotted as a function of wavelength in Fig. 1 . A further advantage of Dow Coming 705 silicone oil is the extinction coefficient's maximum around 9-10/xm.
For 300-400 K, the blackbody hemispherical emissive power is a maximum at 8-10/_m. Because of this overlapping of maxima, the total hemispherical emittance will be large for the 300-400 K temperature region, which is a typical bottom temperature in a space-heat engine cycle. For the temperature range (300-400 K) where the silicone oils can be used, e_ is negligible for A < 2.5 _m and also for )t > 70/zm.
Because of this the integration in Eq. (2) was carried out for the wavelength region 2.5 < )t < 70/zm.
Sheet Emittance from Measured Temperature Drop
The working fluid flows in the z direction from a slit of prescribed width W and thickness I". 
where T is the temperature of the sheet, A is the sheet area, is the total hemispherical emittance, p is the density of the fluid, Cp is the specific heat, Q is the volumetric flow rate, 7"1 is the temperature of the oil at the top of the sheet, and Tz is the temperature at the coalescence point. The factor of 2 arises because both sides of the sheet radiate. The background in the experiment is a black painted surface. It is assumed to behave as a blackbody with _® = 1 and a constant temperature. It is assumed that the emittance and sink temperature are constant for the sheet area and that T varies only in the z-direction. In Ref. 10, the solution to the steady-state energy equation is carried out to determine T(z), which can then be used to do the integration in Eq. (3). However, since the temperature drop AT = T_ --7"2 is only a few tenths of a degree in our experiment, the approximation T = T_ may be made in Eq. (3) with a percent deviation of less than 1%._°This gives the following: An experimental investigation of temperature fluctuations was also carded out. The thermistors response time is 1.5 s, thus, experiments were conducted where T_ was measured at 1.5-s intervals. The average temperature change in this interval was found to be 0.031 K and the largest temperature change was found to be 0.054 K. Fluctuations of 0.05 K or greater occurred 17% of the time. 0.05 K is large for our purposes, however, if the period of the fluctuations is much greater than the flow time (the time it takes a particle to traverse the sheet or Llwo and wo is the velocity in the z direction), then the temperature fluctuation's effect on AT will not be significant. The resulting experimental emittance using Eq. (4) along with the theoretical emittance using Eq.
(1) is shown in Fig.  2 . The emittance of the oil in the 300-400 K region proved to be quite high. The experimental emittance of the sheet is between 0.74-0.85, depending on the sheet thickness and oil temperature.
The percent deviation for the experimental emittance is 6.8% at 100 _m, 5.6% at 150 _m, 2.4% at 200 _m, and 5.0% at 300/zm. ues for all sheet thicknesses. As shown in Fig. 2 , the emittance increases with an increase in temperature and an increase in sheet thickness.
As the temperature increases past 400 K, the blackbody
• hemispherical spectral power is a maximum at wavelengths shorter than 9-10 /zm where spectral emittance is a maximum.
Thus, the overall hemispherical emittance will begin to decrease as the temperature increases beyond 400 K. As the sheet thickness is increased, the emittance will level off and reach a constant value.
Conclusion
The emittance of a thin liquid sheet flow of 
